The Broumov group of churches was designed for the governing Benedictine abbey of St. Wenceslaw in Broumov by the famous Dientzenhofer family of architects, which helped define the Bohemian baroque style in the early 18 th century. The paper shows numerical estimation of the bearing capacity. For the analysis were chosen the parts of enclosure walls from the selected Broumov Churches. The study summarizes the visual investigation and structural investigation using ATENA 2D software, to assess and verify the safety of the church walls regarding to the damages which currently suffers.
Introduction
The Czech Republic is blessed with the rich history of events and because of these events, many architectural heritages came into existent and became a symbol of the rich history. Within this wide variety of monuments, baroque architecture can be considered as a heart of this region's legacy. One such case is the case of Broumov Group of Churches [1] , which is very significant not only for its unique Baroque architecture but also for the short duration of construction and relation between the single client and a single family of architects. The nonlinear computational modeling of the structure was carried out to validate the cause of the current crack propagation. Material parameters were estimate using preliminary findings, namely from, geotechnical background studies. The set of models aims to assess the bearing capacity of the enclosure wall, which is the main structural element in the church [2, 3, 4] . The results from the two sides, from Vižňov, more details in [5] , and Ruprechtice, all details in [6] , are presented in the contribution 
St. Ann Church investigation
The longitudinal wall sample and Schmidt hammer investigation. The surface hardness and superficial strength of the stones can be tested by a non-destructive test performed by the Schmidt hammer. This test can yield the useful value of the superficial strength of the stones through the available transformation criteria provided by the hammer manufacturer [7] . To best describe the strength of the different stones, present in the outer layer of the masonry wall, it was necessary to describe the strength of these different stone units. For the same reason, two different spots were chosen to perform the Schmidt hammer test on different types of stones. The wall samples which were chosen are of size 1 meter by 1 meter at two different locations in the church and these two locations of the sample represent the different combinations of the stones to build the masonry as shown in Figure 2 .
As it can be observed from the above figure, on each wall samples, four different types of stones were chosen to perform the superficial strength test. On each stone sample the rebound hammer was performed for 10 times and then the average value of the rebound number was chosen, this average number of rebound numbers was transformed into the equivalent strength values from the formula provided by the manufacturer of the equipment [7] . Following are the tables showing the strength of these sample stones. These values of the strength of the stones are superficial values and it does not represent the true strength of the stone samples but provide with the values of the strength which are useful while categorizing the stone properties for the finite element analysis of the wall samples. The measured values are presented for rough orientation, because the measuring facility, Silver Schmidt type L, it is limited by an upper value of 30 MPa. The nondestructive testing of an ancient stone in the ancient structures is not easy task, as it is not man-made material. Concerning the future nondestructive analysis would be necessary to develop for different stones different hammers and different analysis.
Simple compression test carried out in numerical way. The walls are modeled as the combination of various stone units, lime mortar, and rubble masonry infill. From the different available stone units, mainly three different types of stones were observed to be present in the walls outer leaf, namely red sandstone, grey sandstone, and ignimbrite. These stones are bonded together with the lime mortar [8, 9] . While for the internal leaf, rubble masonry was considered [10] . Here the values of the mechanical parameters used are derived from both the typical values of such stones and the values obtained by the Schmidt hammer test. Observing the degraded state of the outer leaf [11, 12, 13] , it was considered to use the lower bound value as a general for these types stones present in the wall, which will be a conservative approach and will result in the lower bearing capacity of the wall. Furthermore, for modeling of the longitudinal wall section, since only a single layer of masonry can be modeled in this 2D model [14, 15, 16] , to account for the effect of the multi-leaves wall, reduced parameters are applied on the outer wall masonry blocks that are modeled. The reduction factor is obtained by modeling only the outer leaf in the sectional wall. subjecting this wall to the same uniform loading, a load-displacement curve is obtained. The Young's modulus and the yield strengths are modified such that a load-displacement curve that is comparable to that obtained from the three-leaves wall model. The ultimate reduction factor used is a factor of 0.33 for Young's modulus and 0.8 for the yield strength and the shear strength [8, 17] . The mechanical parameters considered in the analysis are listed in the table below. table as shown in Table 5 , where the tensile strength of the wall as a homogeneous material is considered as 1/10th of the peak compressive strength. Transversal wall configuration. As mentioned, two different configurations of the walls with the different build up were used and performed in the analysis, as shown in Figure 4 . After performing the analysis, to observe the damage and performance of the wall under the compressive The analysis leads information including the bearing capacity and many others, which are listed in Table 6 . 
Rehabilitation and Reconstruction of Buildings II
The bricklayer assembling is introduced in Fig. 7 . As mentioned in the material overview, a campaign by means of Schmidt Hammer was carried out to get the compressive strength of the different stones. For a better understanding of the arrangement, a detailed drawing of the walls is proposed below, with the investigated stones marked with a number Fig. 8 .
Figure 8 AutoCAD drawings of the wall 1 (Left) and wall 2 (Right)
Schmidt hammer testing. Similar colors were used to highlight stones having a similar geotechnical origin, red-brownish sandstones (in red and orange), green sandstone (in green), bricks (in yellow), Ignimbrite (in grey), deteriorated stones (sketched). The test on the deteriorated stones was not possible as the ruined surface that made the Schmidt Hammer's result not reliable. Simple compression test carried out in numerical way. The walls are modeled as the combination of various stone units, lime mortar, and rubble masonry infill. The dimensions of the model are 1m x 1.25 m and the mesh size is set approximately around 1 cm. It corresponds the average thickness of the mortar (Fig. 9 ). At the base and at the bottom of the "specimen" two steel plates were placed to redistribute the load applied. The simple compression test is driven by displacements which imposes displacement of 0,5 mm for each step. In this case the hypothesis of plane stress is fully respected. For the sake of stability horizontal simple supports were applied at the two lateral edges. The results in terms of numerical simple compression test are presented in Fig. 10 . We can see the vertical stress distribution and crack patterns, as well.
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Rehabilitation and Reconstruction of Buildings II Figure 10 Distribution of vertical stress and crack patterns for longitudinal wall 1
Finally, the working diagram, describing the simple compression test of the both samples (longitudinal wall 1 and longitudinal wall 2 assembling), is presented in Fig. 11 . The parameters, Figure 11 Stress strain diagram for longitudinal walls which are directly contained in the stress strain curves, are listed in Table 9 . Several comments on transversal wall modelling. The dimension of the "specimens" in this case is about 1,2m*3,8m, with a mesh size of at least 1 cm and under hypothesis of plain strain. The constitutive mode, already used, "Cementous Non-Linear" can consider this hypothesis, making modification of Young's modulus and Poisson's Modulus. A steel plate was applied on the top of the model to redistribute the imposed displacement. In this case the fixed support is only at the bottom of the wall. Concerning the transversal wall model, the pictures above describe the distribution of cracks in two different steps, and the distribution of vertical and horizontal stress (MPa) at the last stage. The cracks started to occur at the interface between stones and rubble, to spread, afterwards, within all the internal leaf. As expected, the vertical stress is higher at the interface, and more concentrated in the external leaves, with the rubble carrying a low part of the load applied. As it is possible to notice in the graph (Fig. 14) , in this case it resulted much more difficult to get the plastic branch of behavior in compression. Probably, this is due to the deeply difference in stiffness between the external leaves, made of stones, and the internal rubble. However, the result preserved its importance in the definition of elastic modulus and in the maximum compressive stress before to enter in the global plastic field. To have better information, it would be necessary the modelling of the interface between the materials, allowing the detachment and a more realistic behavior in the case of sectional walls.
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Rehabilitation and Reconstruction of Buildings II Figure 14 Comparison curves Displacement -Vertical Stress of the Sectional Walls 1 The results of the models are very close each other, with a maximum compressive stress of 3 MPa and an elastic modulus around 1,3 GPa. The similar results were obtained using the same numerical testing for the longitudinal wall 2 assembling. The results are consistent with the Italian codes [18] .
Summary
With regards to the material micro modelling of different wall configuration in longitudinal and transversal direction was done with ATENA 2D software to evaluate the safe bearing capacity of the walls. The set of models were aimed to assess the bearing capacity of the enclosure wall, which is the main structural element in the church. In detail, we presented results from the numerical investigation, and partial in situ testing, from Vižňov and Ruprechtice. From these models, it was known that structure can sustain the vertical loads it is subjected to. Hence, the damages it suffers should not be due to the compression loads. From the analysis it was found that the current bearing capacity of the walls are higher than the values recommended by the Eurocodes and national standards. It was observed, that bearing capacity depends on historical epoch, absence of finance after wars, but on the locality, as well. The transport was very expensive in the 18th century and thus local sources were used. Anyway, the compressive strength of enclosure walls varies from 1,2 MPa to 3 MPa (according results of current investigations) and so it is necessary provide the analysis for any enclosure wall of the any Church individually.
